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Talk Outline
This work and SoS

Motivation — why joint inversion for Earth
models?

Surface waves, receiver functions and gravity
Case studies

Addition of body wave travel times
Case studies

Conclusions

Near future challenges and needs
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This work and SoS

Signatures characterize an event as either natural or
anthropogenic.

EES-17 GMAC (Geophysical Modeling And
Association) team makes use of seismic and acoustic
signatures to detect, locate and characterize smaller
seismoacoustic events.
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This work and SoS
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This work and SoS

Acoustic

Accurate Earth
models of the 3D

S seismic structure
%*1‘5* QURESESL )

L}

Focus on shallow
crust and upper
mantle by using

simultaneous joint
" inversion of multiple
I and independent

I datasets.
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Motivation

Can we construct accurate and precise 3D Earth models from
only seismic observations?
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Motivation

N 2y - S, ~ ~71 v e~ ~173 ~[ N2 7.~ - PRI Ny R ~ ~ Gy »
Ccn wWe consiriice ceclrdi and oracise 30D Ediin imoclals from

, A N1 79T NN~V T~ N o
only seismic oosarvaiions?

Simplified geological map of the Tarim basin

S_Z,Till’:e ,Th rust

Cenozoic
sedimentary cover

Major Pre-C :
TIBETAN PLATEAU subﬁ?g:ace D re-Cenozoic

85
n

40 N 8

Surface wave tomography map at T=10s
75E 80E 85E 90 E 95 E

- 40N
“Maraer
Depression+
: 2 35N
75E 80E 85E NE 95E

~ -

I
0.30 0.35 0.40 0.45 0.50 0.55
Slowness (s/km)

Working with surface waves, we developed high-resolution Rayleigh
wave slowness tomographic maps (Maceira et al., 2005)
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Motivation
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Following the traditional approach, we generated a 3D S-wave
seismic model from the surface wave tomographic model.

> Los Alamos T YA L =37

EST.1943 //’ v‘ .‘.Vﬂ



2014 Science of Signatures Pillar Review

Motivation

Can a model derived from one type of geophysical data predict a second type of
data?

RESULTS FROM INVERSION
OBSERVATIONS OF ONLY DISPERSION
OBSERVATIONS

T 1 T T T T
~150 100 -50 0 50 100 150 ~150 100 -5 0 50 100 150
Free-air gravity anomaly (mgal) Free-air gravity anomaly (mgal)

PROBLEM: It has long been recognized that derivation of geophysical models for a given
observable often provides poor prediction capabilities for other parameters.
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Why simultaneous joint inversion? It
enables spanning spatial and data scales!

Multiple benefits

B Different data sets have different
spatial coverage and resolution.

T-8lrface
Gravity
Receiver functions

CRUST

Surface waves
: Body waves

B “Standard” geophysical models are
developed only to fit one type of
data.

B Different data types have different
strengths.

Multiple challenges
B Deal with different data bandwidths.
B Design responsive misfit norms; relative weighting of data sets.

B Make assumptions to model the different data; relationships between
independent data sets.
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Evolution of Analysis Codes:

It takes a village

PSU PSU
2002 2008
Julia Julia
SLU + Local Traveltimes —>» + SV Receiver
1998 Functions
Julia, Ammon, / LANL LANL/MIT
Herrmann Maceira Maceira & Zhang
+ Surface g + Gravity, “3D” — > + Body-wave
Wave Dispersion 2006 traveltimes
(Saito Functions) \ 2009-11
Ammon

+ Period Weights,
Transverse Isotropy

2001-02 (Saito Functions)
Herrmann 2006
PSU

Computer Programs
in Seismology
P Receiver Functions
+ Surface

Wave Dispersion
SLU
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Evolution of Analysis Codes:
It takes a village

PSU PSU
2002 2008
Julia Julia
SLU + Local Traveltimes —> + SV Receiver
1998 Functions

SLU/LANL Julia, Ammon, LANL/MIT

Herrmann

| 989 Maceira & Zhang
Ammon / + Surface —> + Body-wave
& Randall Wave Dispersion traveltimes
P Receiver (Saito Functions) 2009-1 |
Functions Ammon
+ Period Weights,
Transverse Isotropy
2001-02 (Saito Functions)
Herrmann 2006
Computer Programs PSU
in Seismology
P Receiver Functions
+ Surface
Wave Dispersion
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LANL pioneers simultaneous joint inversion of surface

waves, receiver functions, and gravit
A X =

Dispersion
& Rftns —

Gravity

x -> Earth seismic model ... unknown!

b -> data

A -> matrix of equations relating model to
data
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LANL pioneers simultaneous joint inversion of surface
waves, receiver functions, and gravity

Cell
1 2 5 4
Diapersion
& Receiver
L .
. . Functions
I — ,
. =—— Gravity
x -> Earth seismic model ... unknown! T Smoothnesss
b -> data A Friori
A -> matrix of equations relating model to I Geologic
data Constraints

@A'am% Aof Ax=Db
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Challenge:
Relationship between independent variables

4

Density (g/cm3)

Maceira (2006)

P-wave velocity (km/s)
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Challenge:
Relationship between independent variables
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Creative and better use of geologic information
to address challenges

“ Most geophysical tomography results use a relatively simple
mathematical smoothing

\/Laplacian smoothing

v Gaussian averaging

“ Such mathematically simple smoothing is appropriate for
dispersion tomography, but not always for shear-velocity

inversions
» Los Alamos YA L35
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Creative and better use of geologic information
to address challenges
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Gravity challenges ... what to do?
Depth-dependent smoothing, filtering, ...

We noticed leakage
of high wavenumber
gravity features into
the deep structure.

Our solution: filtering
of the gravity data.

» Los Alamos
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LANL approach
(equalizing Ax=Db)
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Case Study I:

Tarim basin and application to monitoring mission
2 km 10 km o 28km

80" 82 &

S-wave velocity (km/s)

Maceira and Ammon (2009)
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Case Study I:
Tarim basin and application to monitoring mission

H Radial Displacement (nm)

Vertical Displacement (nm)
Waveform Data

Sedimentary basins show very v
. Bandpass filters with center
slow in the new 3D shear- periods of 20,16,12,10.7 s.

Dynamic fc

velocity model. Is this an

; Particle
Improvement? @—N motion time
window
\/

We tested the ability of the new (e ) T
joint 3D model to predict |
surface wave arrivals at short U

periods — essential for

Russell
. uati (2004)
measuring surface wave
magnitude at shorter periods magniude
than 20 s (discrimination .
implications for smaller events) DR Ms
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USING MODEL FROM
INVERSION OF ONLY
DISPERSION
OBSERVATIONS

USING MODEL FROM
JOINT INVERSION

» Los Alamos
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Case Study I:
Successful discrimination for monitoring mission
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Particle motion / arrival time windows
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USING MODEL FROM
INVERSION OF ONLY
DISPERSION
OBSERVATIONS

—— DETECTION

USING MODEL FROM
JOINT INVERSION
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Case Study I:
Successful discrimination for monitoring mission

198711150331 /WMQX dn z,s

Particle motion / arrival time windows

T T T T T T T
‘A‘AAAAJ
‘ .
35 3.012.8 262 2
T

3.5 13.0/12.8/2.6 /%) 2.2 958 km
T T T T T T T T T T
25.1-166 /\ ] A =2057 nm
window 20.0 s
T=18.05,Ms=45
T T T T T 1 1 T T T
20.1-133s m window 1605 A =2984 nm
V ' T=16.0s,Ms=4.5
T T T T T 1 1 T T
15.1-10s ,\{\f\ h indow 1206 Null trace
“VV W VV" ’ No measurement
T T T T T T T T T T
126-83s " n nnh w100 Null trace
S 1 g window 105 No measurement
T f T T T T T T I 1 I I
200 300 400 500 600 200 300 400 500 600

Time after origin (s)

19871 1150331 /WMQX dn z,s

Time after origin (s)

Particle motion / arrival time Windows

25.1- 1665

window 20.0 s

35 3.012.812.6 zw @ 3.5 szze&‘; 22 958 km

A 2057 nm
T=18.05,Ms=45

T T
20.1-133s

1

1

T T
) A=2984 nm
window 16.0 s
T=16.0s,Ms=4.5
T T T T T ¥ T T
15.1-105 MA ) A =4609 nm
< V Al window 12.0's _ _
V W T=120sMs=45
T T T T T T T T T T T I
126-83s al nn,. window 100 Null trace
v VVVV VUV" ’ No measurement
1 1 " 1 " 1 1
200 300 400 500 600 200 300 400 500 600 TN =37
Time after origin (s) Time after origin (s) /| VA



2014 Science of Signatures Pillar Review

Case Study I:
Successful discrimination for monitoring mission
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Case Study II:
East Africa Rift System and geodynamics

40 km 60 km 80 km

40" . 35° 40° 30° 35 40

3D S-wave velocity model from joint inversion of
surface waves and gravity observations AT

» Los Alamos
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Case Study II:
East Africa Rift System and geodynamics

40 km 60 km 80 km

40" . 35° 40° 30 35 40

30°

?7??

3D S-wave velocity model from joint inversion of
surface waves and gravity observations MNASEL

» Los Alamos



Case Study Il:

2014 Science of Signatures Pillar Review

New rift branch? — important geodynamic implications

East African Rift System

| 5°N

| o°N

' ,Qe Tanzanian
s craton

5°S

- Puesg yigyea s

30°E 35°E

» Los Alamos
NATIONAL LABORATORY
EST.1943

South Sudan focal mechanisms

052090 depth=15.0 km
lat= 5.32 lon= 32.29

052490 depth=15.0 km
lat= 5.93 lon= 31.64

052490 depth=15.0 km
lat= 5.70 lon= 31.67
070990 depth=15.0 km
lat= 5.83 lon= 31.60
072890 depth=15.0 km

lat= 6.00 lon= 32.05

090790 depth=15.0 km
lat= 5.10 lon= 31.56

032991 depth=15.0 km
lat= 5.43 lon= 31.84

We propose:
Nascent rift branch or

old rift reactivation?

(Maceira et al., G3 in review)
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Case Study llI:
Western USA — Unprecedented Data Sets

.. ¢ Transportable Array Installation Plan
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Case Study lll:
Western USA — Exploring dense coverage opportunities

_— Stacked Receiver Functions o Interpolated Receiver Functions

50°NE S%g 50°NE E%g

8
45°N

¢

45°N

40°N .
35°N r_Lm s
30°N -~
25°N oo
5W 120°W  115W  110°W  105°W 1d;r;v 5w 120W 15W 10W 105°W flodZ;;

» Los Alamos INYSE



Ca se Stu dy I I I : 2014 Science of Signatures Pillar Review
First continental-scale application of joint inversion
of surface waves, receiver functions & gravity
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Case Study llI:
Western USA — Unprecedented Data Sets
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Models are consistent and smooth
— perfect a priori models for full waveform tomography.
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Evolution of Analysis Codes:

It takes a village
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LANL pioneers again:
Adding body waves travel times

For two events recorded at the same station
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w—|ocal abeolute arnval
— —differential time (local or teleseismic)

we can define the “double difference”
(Zhang and Thurber, 2003)
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LANL pioneers again:
Adding body waves travel times

For two events recorded at the same station

O earthquakes

.
¥ station

w—|ocal abeolute arnval
— —differential time (local or teleseismic)

we can define the “double difference”

(Zhang and Thurber, 2003)
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structure near source region is
resolved at finer scale by
differential data

structure beyond source region is
resolved by absolute data

considers sphericity of the earth
finite-difference ray tracing method is
used to deal with major velocity
discontinuities
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case Stu dy IV: 2014 Science of Signatures Pillar Review
First ever simultaneous joint inversion of surface
wave dispersion and body waves travel times
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Case Study IV:
Parkfield: Application to LOCAL scales!
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Case Study IV:
Parkfield: Application to LOCAL scales!

Relative Weight=2 Relative Weight=20 Relative Weight=100
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Zhang et al. (2014)

Adding gravity to local scale - CHALLENGING!!!
£ aames Ellen Syracuse (new LANL Director’s PD)
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Conclusions

LANL pioneers advanced multivariate inversion
techniques for Earth seismic structure modeling at
continental (USA) and local scale (Parkfield).

Successful application for reducing surface wave
magnitude Ms threshold and detecting smaller
events (Tarim basin case study).

New models hint to new geodynamical and
tectonics interpretation (EARS case study).

Potential use for surrogate measurements in areas
without access to seismic signatures (application
to local scale).
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Near Future

Challenges:

Improve joint inversion methodology (surface
waves 2-step process; uneven illumination).

Extension of present methodology to local scales.

Needs:
Independent validation of 3D geophysical models.

Uncertainty Quantification

Reduce location error
Informed decision making
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